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Objective
To compare patterns in mortality and the use of subsequent
biliary drainage interventions (surgical, endoscopic, and per-
cutaneous) associated with the different types of biliary
bypass.

Summary Background Data
Surgical palliation of obstructive jaundice due to pancreatic
cancer is often accomplished with an intestinal bypass to ei-
ther the gallbladder or the bile duct. It is not known whether a
gallbladder bypass, which is a simpler operation and more
amenable to laparoscopic surgery, performs as well as a by-
pass to the bile duct.

Methods
The authors conducted a retrospective cohort study of 1,919
patients 65 years of age or older who had a surgical biliary
bypass for pancreatic cancer diagnosed between 1991 and
1996 using Medicare claims data and the Surveillance, Epide-

miology and End Results (SEER) database.

Results
At 1, 2, and 5 years, 7.5%, 17.4%, and 26.0% of 945 pa-
tients initially treated with a gallbladder bypass had additional
biliary interventions, as compared with 2.9%, 11.0%, and
13.3% of 974 patients initially treated with a bile duct bypass.
Patients who initially had a gallbladder bypass were 4.4 times
as likely to have additional biliary surgery and 2.9 times as
likely to have any subsequent biliary intervention as were pa-
tients who initially had a bile duct bypass. Median survival was
longer following bile duct bypass. The adjusted hazard ratio
for death associated with gallbladder bypass was 1.2.

Conclusions
Compared to patients whose initial biliary bypass was to the
bile duct, the risk of having one or more additional surgical,
endoscopic, or percutaneous biliary drainage procedures is
substantially greater in patients whose initial bypass was to
the gallbladder.

Jaundice caused by obstruction of the bile duct occurs in
the majority of patients with pancreatic cancer.1 Reversal of
malignant biliary obstruction provides palliation of jaundice

even when a pancreatic tumor is unresectable.2 Although
endoscopic stenting of the bile duct can relieve biliary
obstruction,3–6 surgical bypass is done in many cases be-
cause of an inability to access the bile duct using endoscopic
methods, patient or physician preference, or failure of non-
operative interventions. A biliary bypass may also be done
when a pancreatic tumor proves to be unresectable during
an operation intended to remove the tumor.

Operative bypass of the biliary system requires establish-
ing continuity between the gastrointestinal tract and a por-
tion of the biliary tree. If the gallbladder is diseased or has
been removed, the anastomosis between the intestine and
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biliary system must be made to the bile duct (the hepatic
duct or common bile duct). However, when the gallbladder
is intact and continuous with the proximal biliary tree, the
surgeon has the choice of fashioning an anastomosis either
to the gallbladder or to the bile duct. Creating an anasto-
mosis to the gallbladder is technically easier than bypassing
to the bile duct and is more amenable to a laparoscopic
approach.7,8 In contrast, an anastomosis to the bile duct may
provide more durable palliation of jaundice.9 It is not clear
whether the choice of biliary bypass influences survival.

Previous studies have included too few subjects to pro-
vide precise estimates of the relative effectiveness of gall-
bladder and bile duct bypass. The only randomized trial
comparing the two procedures included 31 subjects, of
whom only 71% had malignant biliary obstruction.9 We
used Medicare claims data and a population-based cancer
registry to study patients with pancreatic cancer 65 years of
age or older who initially had a biliary enteric bypass to
either the gallbladder or the bile duct without removal of the
pancreatic tumor. Our objectives were to determine the
relative frequency of the different types of bypass, and to
study patterns of mortality and the use of subsequent biliary
drainage procedures.

METHODS

Data Sources

We used data from the Surveillance, Epidemiology, and
End Results (SEER) program and from Medicare claims
files. The SEER program actively acquires data from several
population-based cancer registries in various geographic
regions of the United States that represent 13.9% of the total
population. Detailed cancer data including tumor site, stage,
histology, and treatment are abstracted from a number of
sources for up to 10 incident cancers per person residing in
a SEER area. Vital status is updated annually from a public
use file from the National Center for Health Statistics.10 The
Medicare file we used contains records for up to 10 surgical
procedures and up to 10 medical diagnoses as International
Classification of Diseases, ninth revision, Clinical Modifi-
cation11 (ICD-9-CM) procedure and diagnosis codes for
each hospitalization. To protect the confidentiality of the
Medicare beneficiaries, physician and hospital identifiers
were omitted from the Medicare files. Medicare claims have
been successfully linked to 93.8% of SEER records using a
unique identification number.12 These linked files permit
longitudinal follow-up of individuals using Medicare claims
data, combined with detailed, population-based oncologic
information from the SEER file, and have been used to
study surgical treatment for different types of cancers.13–15

The analysis and interpretation of these data are the sole
responsibility of the authors and do not represent the views
of either the National Cancer Institute or the Centers for
Medicare and Medicaid Services.

Study Subjects

The study cohort consisted of Medicare beneficiaries 65
years of age or older who resided in SEER areas and
received a new diagnosis of pancreatic cancer (International
Classification of Diseases for Oncology, second edition16

[ICD-O-2] codes 25.0–25.3 and 25.7–25.9) between 1991
and 1996, who had a palliative intestinal bypass to either the
gallbladder or bile duct (with or without a gastric bypass),
and never had a procedure to resect or ablate the pancreatic
tumor.

Measurement of Exposures and
Outcomes

The initial biliary bypass operation was classified as a
gallbladder or bile duct bypass according to the ICD-9-CM
procedure code (see the appendix). Any of these procedures
was also considered to constitute a subsequent biliary drain-
age operation if it occurred during a hospitalization follow-
ing hospital discharge for the initial procedure. Appropriate
ICD-9-CM procedure codes were used to identify subse-
quent biliary drainage operations (in addition to bypass
procedures), concomitant gastric bypass, pancreatic resec-
tion, endoscopic biliary drainage procedures, and percuta-
neous biliary drainage procedures.

Comorbid Medical Conditions

To model comorbid medical conditions, we used a code-
based modification of the Charlson comorbidity index17,18

that has been used to adjust for comorbidity in other studies
using SEER-Medicare data.13,15 The index was further
modified by excluding the categories for any malignancy
and metastatic tumor.15 We used the ICD-9-CM diagnosis
codes present on the hospital admission for the initial biliary
bypass to calculate the comorbidity score.

Statistical Analysis

Proportions of categorical variables were analyzed using
the chi-square test. The unadjusted and stratified relative
risk of binary outcomes was estimated using Mantel-
Haenszel methods.19 All reported P values are two-sided.
We calculated survival for each subject from the date of the
initial biliary bypass operation until the date of death for
patients who died, or until December 31, 1998, for patients
who had not died by this date. For the analysis of subse-
quent biliary interventions, the follow-up time began on the
date of the initial bypass operation and ended on the date of
the first subsequent biliary intervention, death, or on De-
cember 31, 1998, whichever came first. A subsequent bili-
ary intervention was defined as one or more of a subsequent
biliary bypass operation, a biliary drainage operation, an
endoscopic biliary intervention, or a percutaneous biliary
intervention. The cumulative risk of death and of having
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additional biliary interventions was estimated using Kaplan-
Meier survival curves.20 Differences between curves were
assessed using the log-rank test, and Greenwood’s formula
was used to estimate the standard error of the Kaplan-Meier
estimate of the survival function.21

The effects of exposures on the risk of experiencing an
outcome over time were estimated using Cox proportional
hazards regression.22 We assumed that the proportional
hazards assumption was reasonable for a covariate if the
log-log survival curves for different levels of the covariate
were approximately parallel. The relative hazard of an out-
come associated with each exposure was expressed as the
hazard ratio and 95% confidence interval. Multivariate and
stratified regression models were fit to estimate the inde-
pendent effects of exposures.

The choice of whether to perform a gallbladder or bile
duct bypass is frequently up to the discretion of an individ-
ual surgeon. It is likely that a surgeon’s choice is influenced
by patient factors, such as the tumor stage or the presence of
medical comorbidities, which are also strongly associated
with the risk of treatment failure or death. We used propen-
sity score methods to reduce bias and imbalances in prog-
nostic factors between treatment groups.23 A propensity
score is a measure of the probability that a subject was
exposed to a treatment of interest given his or her values for
a set of characteristics, regardless of the actual treatment
received. Stratification on the propensity score reduces bias
in estimating treatment effects in observational studies.23

We estimated the conditional probability of having had a
gallbladder bypass, independent of the actual treatment re-
ceived, for each subject given his or her values for the
following set of covariates: age, sex, race, comorbidity
score, concomitant gastric bypass, tumor location, tumor
size, tumor grade, and nodal involvement and extent at
diagnosis, according to the categorization listed in Table 1.
Predicted probabilities were estimated using a logistic re-
gression analysis of the entire cohort, where the response
variable was having a gallbladder bypass as the initial
operation, and the predictor variables were all the other
exposure variables listed. The c statistic for the logistic
regression model was 0.62. The cohort was then evenly
divided into quintiles according to the probability of having
been treated initially with a gallbladder bypass. We con-
firmed that stratification on the propensity score eliminated
imbalances in the covariates between treatment groups
within propensity strata by testing, for each covariate, the
significance of the F statistic for the treatment main effect
term in a two-way analysis of variance that included the
main effects for propensity score and initial type of biliary
bypass, and an interaction term.23 We adjusted for the
propensity to have had a gallbladder bypass in proportional
hazards regression models by stratifying the analysis by
propensity quintile. In the stratified models, a single set of
regression coefficients was fit to the entire dataset, but the
baseline hazard function was allowed to vary between pro-

Table 1. PATIENT CHARACTERISTICS

Characteristic
Bile Duct
(n � 974)

Gallbladder
(n � 945) P Value*

Age (years)
65–69 242 (24.9) 215 (22.8)
70–74 257 (26.4) 250 (26.5)
75–79 225 (23.1) 219 (23.2)
80 and older 250 (25.7) 261 (27.6) .67

Sex
Male 419 (43.0) 460 (48.7)
Female 555 (57.0) 485 (51.3) .01

Race
White 834 (85.6) 773 (81.8)
Nonwhite 140 (14.4) 172 (18.2) .02

Comorbidity score†
0 578 (59.3) 569 (60.2)
1 277 (28.4) 261 (27.6)
2 87 (8.9) 83 (8.8)
3 or greater 32 (3.3) 32 (3.4) .98

Tumor location
Head of pancreas 801 (82.2) 736 (77.9)
Body or tail of pancreas 10 (1.0) 26 (2.8)
Unknown 163 (16.7) 183 (19.4) .01

Tumor size
�2 cm 34 (3.5) 16 (1.7)
2–5 cm 252 (25.9) 211 (22.3)
�5 cm 105 (10.8) 150 (15.9)
Unknown 583 (60.0) 568 (60.1) �.001

Tumor grade
Well differentiated 92 (9.5) 63 (6.7)
Moderately differentiated 230 (23.6) 200 (21.2)
Poorly differentiated 168 (17.3) 189 (20.0)
Undifferentiated 8 (0.8) 13 (1.4)
Unknown 476 (48.9) 480 (50.8) .05

Nodal involvement
None 315 (32.3) 310 (32.8)
Regional‡ 166 (17.0) 147 (15.6)
Distant 10 (1.0) 20 (2.1)
Unknown 483 (49.6) 468 (49.5) .23

Extent of disease at diagnosis
Localized within pancreas 167 (17.2) 172 (18.2)
Extension into peripancreatic

tissues§
401 (41.2) 357 (37.8)

Distant metastases 208 (21.4) 277 (29.3)
Unknown 198 (20.3) 139 (14.7) �.001

Concomitant gastric bypass
No gastric bypass 526 (54.0) 434 (45.9)
Gastric bypass 448 (46.0) 511 (54.1) �.001

Data are given as n (%).
Because of rounding, percentages may not add up to 100.
* P values given are for the chi-square test.
† The modified Charlson comorbidity score was calculated using medical diag-

nosis codes present on the initial hospitalization.
‡ Regional nodes include peripancreatic, hepatic, infrapyloric, superior mesen-

teric, retroperitoneal, and lateral aortic nodes for all tumor locations. Regional
nodes for tumors of the head of the pancreas also include subpyloric and celiac
nodes, and regional nodes for tumors of the body and tail of the pancreas
include pancreaticolienal and splenic nodes.

§ Includes extension into duodenum, bile duct, stomach, spleen, colon, major
blood vessels, kidney, ureter, and peripancreatic fat.
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pensity strata. SAS version 8.01 software (SAS Institute
Inc., Cary, NC) was used for all statistical analyses.

RESULTS

Study Subjects

We identified 1,919 patients aged 65 years and over who
were newly diagnosed with pancreatic cancer between 1991
and 1996 and underwent an operative bypass of their biliary
system without having a resection of their primary pancre-
atic tumor. Of these, 974 (50.8%) underwent a bypass to the
bile duct and 945 (49.2%) had a bypass to the gallbladder.
Of the bile duct bypasses, 911 (93.5%) were to the common
bile duct, 48 (4.9%) were to the hepatic duct, and 15 (1.5%)
were unspecified.

The characteristics of all 1,919 subjects are listed in Table
1. Compared with persons having an initial bile duct bypass,
those who had a gallbladder bypass were more likely to be
male (48.7% vs. 43.0%, P � .01), to have a tumor larger
than 5 cm (15.9% vs. 10.8%, P � .001), to have distant
metastases at diagnosis (29.3% vs. 21.4%, P � .001), and to
have a gastric bypass at the time of their initial biliary
bypass (54.1% vs. 46.0%, P � .001). Patients having a bile
duct bypass were more likely to be nonwhite (18.2% vs.
14.4%, P � .02) and to have a tumor located in the head of
the pancreas (82.2 vs. 77.9%, P � .01).

Short-Term Outcomes of Surgery

Overall, 227 subjects died within 30 days of surgery. The
probability of death within this time was 14.1% for gall-
bladder bypass and 9.7% for bile duct bypass (P � .01). The
relative risk of death within 30 days of surgery associated
with gallbladder bypass compared with bile duct bypass was
1.5 (95% confidence interval [CI], 1.1–1.9). When stratified
according to the propensity to have had a gallbladder by-
pass, the relative risk was 1.2 (95% CI, 1.0–1.6, P � .08).

The mean length of the hospital stay for the initial procedure
was 15.6 days for patients who had a gallbladder bypass and
15.7 days for patients who had a bile duct bypass (mean
difference �0.1, 95% CI, �0.8–0.9).

Subsequent Biliary Drainage Procedures

After the initial biliary bypass, one or more additional
procedures to drain the bile duct were performed in 76
patients, 23 of whom initially had a bypass to the bile duct
and 53 of whom had a bypass to the gallbladder. Using the
composite end point of any surgical, endoscopic, or percu-
taneous biliary intervention, the cumulative risk of a sub-
sequent procedure was substantially higher in patients who
had a bypass to the gallbladder compared with those who
had a bypass to the bile duct (Fig. 1). Within 1 year of the
initial biliary bypass, 2.9% of patients who had a bile duct
bypass required an additional intervention, compared with
7.5% of patients who had a gallbladder bypass. The corre-
sponding values at 2 years for patients with a bile duct
bypass compared to a gallbladder bypass were 11.0% and
17.4%; at 5 years they were 13.3% and 26.0%, respectively.
When stratified according to the propensity of the patient to
have had a gallbladder bypass, those who had a bypass to
the gallbladder were 4.4 times as likely to require additional
biliary surgery than patients who had a bypass to the bile
duct (95% CI, 1.6–12.0) and were 2.9 times as likely to
require any additional biliary intervention (95% CI, 1.8–
4.8, Table 2).

Survival

During the observation period, 1,845 persons died (96%).
Kaplan-Meier survival estimates are shown in Figure 2. The
median survival of patients who had a bypass to their bile
duct was substantially longer than those who had a bypass

Figure 1. Estimated probability of one or more additional biliary drainage interventions after a biliary
bypass operation in 1,919 Medicare beneficiaries 65 years of age or older newly diagnosed with pancreatic
cancer between 1991 and 1996, according to the type of initial biliary bypass procedure performed. Solid
line, gallbladder bypass as initial procedure; broken line, bile duct bypass as initial procedure. Numbers in
parentheses indicate the cumulative number of subjects who had an additional procedure. The curves were
truncated at 5 years. P value for the comparison of the curves was �.001 by the log-rank test.
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to the gallbladder (6.3 months vs. 4.4 months, P � .001).
Estimates of the relative hazard of death associated with
various exposure variables are listed in Table 3. The results
of different analyses are shown, including an unadjusted
analysis, an analysis stratified by the propensity to have
been exposed to gallbladder bypass, and an analysis ad-
justed for multiple potentially confounding variables. In
general, the results did not differ substantially according to
the method of analysis.

An increased risk of death was associated with older age,
a greater burden of comorbidity, tumor grade (moderately or
poorly differentiated vs. well differentiated), the presence of
distant metastases at diagnosis, and the use of the gallblad-
der for the initial biliary bypass. When stratified by propen-
sity score, the relative hazard of death associated with
gallbladder bypass was 1.2 (95% CI, 1.1–1.3) compared
with bile duct bypass.

DISCUSSION

In a population-based retrospective cohort study of adults
with pancreatic cancer who underwent a palliative biliary
bypass, we found that additional biliary interventions were
done more frequently following a gallbladder bypass than a
bile duct bypass. There was a small survival advantage for
patients treated initially with bile duct bypass. We did not
find evidence that the short-term outcomes of bile duct
bypass were appreciably worse than gallbladder bypass.
These findings are consistent with previous observations
suggesting that bile duct bypass provides more durable
palliation of obstructive jaundice than gallbladder
bypass.9,24,25

Despite the strong advocacy of influential surgeons that
bypass to the bile duct is superior to gallbladder bypass for
malignant biliary obstruction,24,25 gallbladder bypass con-
tinues to be performed frequently in the United States.
About half of the subjects in our cohort had their initial
bypass to the gallbladder. From an anatomic point of view,
a bile duct bypass is a more sensible procedure. Most
patients with periampullary cancer have an obstructed cystic
duct, a diseased gallbladder, or a tumor that extends close to
the junction of the cystic duct and the bile duct.26 The
reasons for the continued popularity of gallbladder bypass
among practicing surgeons are not clear. Possible explana-
tions include the technical ease with which gallbladder
bypass can be accomplished compared with bile duct by-
pass, and the impression among those who treat patients
with pancreatic cancer that survival is so poor, and the risk

Table 2. RELATIVE HAZARD OF HAVING
ONE OR MORE SUBSEQUENT BILIARY
DRAINAGE PROCEDURES ASSOCIATED
WITH INITIAL GALLBLADDER BYPASS
COMPARED WITH BILE DUCT BYPASS

Subsequent Procedure

Relative Hazard of Having
Subsequent Procedure

Associated With Gallbladder
Bypass

Unadjusted

Stratified by
propensity

score*

Biliary surgery 4.3 (1.6–11.6)§ 4.4 (1.6–12.0)§
Endoscopic† or percutaneous‡

biliary intervention
3.1 (1.8–5.3)¶ 3.0 (1.7–5.3)¶

Any additional biliary
intervention (surgical,
endoscopic or percutaneous)

3.0 (1.8–4.9)¶ 2.9 (1.8–4.8)¶

Data are given as hazard ratio (95% confidence interval).
Hazard ratios and 95% confidence intervals were estimated using proportional
hazards regression models. For estimates of the relative hazard of each outcome,
the referent category is bile duct bypass as the initial biliary drainage procedure.
* Propensity scores were assigned by grouping subjects into quintiles according

to their conditional probability of exposure to gallbladder bypass as the initial
biliary bypass procedure. Conditional probabilities were estimated using a logis-
tic regression model incorporating the entire cohort where exposure to gallblad-
der bypass was the response variable, and the predictor variables were age, sex,
race, comorbidity score, concomitant gastric bypass, and tumor location, size,
grade, and nodal involvement and extent at diagnosis. Final hazard ratios were
estimated using a stratified proportional hazards regression model.

† Endoscopic interventions included endoscopic retrograde cholangiopancre-
atography with dilatation of the ampulla and biliary duct, sphincterotomy or
papillotomy, insertion of nasobiliary drainage tube, and insertion of stent (tube)
into the bile duct.

‡ Percutaneous interventions included percutaneous biliary endoscopy via an
existing T tube or other tract for dilatation of a stricture, exploration or removal of
stones, percutaneous transhepatic biliary drainage, and insertion or replace-
ment of a biliary tract prosthesis.

§ P � .05.
¶ P � .001.

Figure 2. Estimated probability of survival after a biliary bypass oper-
ation in 1,919 Medicare beneficiaries 65 years of age or older newly
diagnosed with pancreatic cancer between 1991 and 1996, according
to the type of initial biliary bypass procedure performed. Solid line, bile
duct bypass as initial procedure; broken line, gallbladder bypass as
initial procedure. The curves were truncated at 5 years. P value for the
comparison of the curves was �.001 by the log-rank test.
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Table 3. HAZARD RATIOS AND 95 PERCENT CONFIDENCE INTERVALS FOR DEATH

Exposure variable

Relative Hazard of Death

Unadjusted
Stratified by

propensity score*
Multivariate
adjusted†

Age (years)
65–69 1.0 1.0 1.0
70–74 1.0 (0.9–1.1) 0.9 (0.8–1.1) 1.0 (0.8–1.1)
75–79 1.2 (1.0–1.3)‡ 1.1 (1.0–1.2) 1.2 (1.0–1.4)‡
80 and older 1.2 (1.0–1.3)‡ 1.1 (0.9–1.2) 1.2 (1.0–1.4)

Sex
Male 1.0 1.0 1.0
Female 0.9 (0.8–1.0) 1.0 (1.0–1.2) 1.0 (0.9–1.2)

Race
White 1.0 1.0 1.0
Nonwhite 1.0 (0.9–1.2) 0.9 (0.8–1.0) 0.9 (0.8–1.1)

Comorbidity score§
0 1.0 1.0 1.0
1 1.2 (1.0–1.3)¶ 1.2 (1.1–1.3)¶ 1.2 (1.1–1.3)¶
2 1.3 (1.1–1.5)¶ 1.3 (1.1–1.5)¶ 1.3 (1.1–1.6)�
3 or greater 1.4 (1.1–1.8)¶ 1.3 (1.0–1.7)‡ 1.5 (1.1–1.9)¶

Tumor location
Head of pancreas 1.0 1.0 1.0
Body or tail of pancreas 1.4 (1.0–2.0)‡ 1.0 (0.7–1.4) 1.1 (0.7–1.6)
Unknown 1.1 (0.9–1.2) 0.9 (0.8–1.1) 1.0 (0.8–1.1)

Tumor size
�2 cm 1.0 1.0 1.0
2–5 cm 1.1 (0.9–1.3) 1.3 (1.1–1.6)‡ 1.1 (0.9–1.4)
�5 cm 1.1 (1.0–1.4) 1.2 (1.0–1.4) 1.0 (0.8–1.2)
Unknown 1.0 (0.9–1.1) 1.1 (1.0–1.3) 1.1 (1.0–1.3)

Tumor grade
Well differentiated 1.0 1.0 1.0
Moderately differentiated 1.3 (1.1–1.6)¶ 1.2 (1.0–1.5)‡ 1.2 (1.0–1.4)
Poorly differentiated 1.6 (1.3–1.9)� 1.3 (1.0–1.5)‡ 1.2 (0.9–1.5)
Undifferentiated 1.9 (1.2–3.1)¶ 1.4 (0.9–2.2) 1.3 (0.8–2.2)
Unknown 1.1 (1.0–1.4) 1.0 (0.8–1.2) 0.9 (0.7–1.2)

Nodal involvement
None 1.0 1.0 1.0
Regional** 1.1 (0.9–1.2) 1.1 (1.0–1.3) 1.1 (1.0–1.3)
Distant 1.4 (1.0–2.0) 1.0 (0.7–1.5) 0.9 (0.6–1.4)
Unknown 1.1 (1.0–1.2)‡ 1.2 (1.0–1.3)¶ 1.1 (1.0–1.2)

Extent of disease at diagnosis
Localized within pancreas 1.0 1.0 1.0
Extension into peripancreatic tissues†† 1.0 (0.9–1.2) 1.1 (0.9–1.2) 1.1 (1.0–1.3)
Distant metastases 1.9 (1.6–2.2)� 1.7 (1.5–2.0)� 1.7 (1.4–2.0)�
Unknown 0.9 (0.8–1.1) 1.0 (0.9–1.2) 1.0 (0.8–1.3)

Concomitant gastric bypass
No gastric bypass 1.0 1.0 1.0
Gastric bypass 1.1 (1.0–1.2)‡ 0.9 (0.8–1.0) 1.0 (0.8–1.1)

Biliary bypass
Bile duct 1.0 1.0 1.0
Gallbladder 1.2 (1.1–1.4)� 1.2 (1.1–1.3)¶ 1.2 (1.1–1.3)�

Data are given as hazard ratio (95% confidence interval).
Hazard ratios and 95% confidence intervals were estimated using proportional hazards regression models. The first category of each exposure variable is the referent
category.
* Propensity scores were assigned by grouping subjects into quintiles according to their conditional probability of exposure to gallbladder bypass as the initial biliary

bypass procedure. Conditional probabilities were estimated using a logistic regression model incorporating the entire cohort where exposure to gallbladder bypass was
the response variable, and the predictor variables were age, sex, race, comorbidity score, concomitant gastric bypass, and tumor location, size, grade, and nodal
involvement and extent at diagnosis. Final hazard ratios were estimated using a stratified proportional hazards regression model.

† Adjusted for all exposure variables in the table according to the categories shown.
‡ P � .05.
§ The modified Charlson comorbidity score was calculated using medical diagnosis codes present on the initial hospitalization.
¶ P � .01.
� P � .001.
** Regional nodes include peripancreatic, hepatic, infrapyloric, superior mesenteric, retroperitoneal and lateral aortic nodes for all tumor locations. Regional nodes for

tumors of the head of the pancreas also include subpyloric and celiac nodes, and regional nodes for tumors of the body and tail of the pancreas include pancreaticolienal
and splenic nodes.

†† Includes extension into duodenum, bile duct, stomach, spleen, colon, major blood vessels, kidney, ureter, and peripancreatic fat.

Vol. 237 ● No. 1 Gallbladder or Bile Duct Bypass for Palliation of Pancreatic Cancer 91



of additional procedures following gallbladder bypass low,
that gallbladder bypass remains a reasonable option.

Our study has potential limitations. We do not know how
many patients who had a bile duct bypass had a previous
cholecystectomy or a diseased gallbladder, which obviously
precludes having a gallbladder bypass. Undoubtedly some
of the patients who had a bile duct bypass did not have a
suitable gallbladder; therefore, it is likely that gallbladder
bypasses are actually performed more frequently than bile
duct bypasses in patients who have a normal gallbladder.
The data sources we used lacked surgeon- and hospital-
specific data. However, it is unlikely that detailed provider
or institution information would have affected our conclu-
sions regarding the relative effectiveness of the procedures.

We used data contained in administrative and tumor
registry databases, which are subject to measurement error.
We were not able to detect detailed clinical information,
such as whether patients were jaundiced before the initial
biliary bypass or at the time that subsequent interventions
were done. We could not detect whether patients had recur-
rent biliary obstruction but died without having another
intervention. We could not determine some important op-
erative details, such as whether an intestinal bypass was
configured as an end-to-side or side-to-side anastomosis.
However, it is unlikely that these shortcomings affected our
main findings, because any measurement error is probably
nondifferential with respect to treatment. Although we used
an observational study design, we do not believe that our
results can be explained solely by bias or confounding, since
the principal results persisted despite the use of various
strategies to reduce bias and confounding.

What, then, is the role of gallbladder bypass in the sur-
gical palliation of jaundice due to pancreatic cancer? Al-
though our data suggest that bile duct bypass is more
durable and may be associated with longer survival than
gallbladder bypass, we believe that a gallbladder bypass
may be appropriate in some circumstances. When portal
hypertension or portal or superior mesenteric vein occlusion
is unexpectedly found at operation in a patient who requires
biliary bypass surgery, a gallbladder bypass is safer than a
bile duct bypass.24 The choice is further complicated by the
fact that a different surgical approach may be used for the
different types of biliary bypass. A gallbladder bypass can
readily be done using laparoscopic surgery.7,8 The addi-
tional technical complexity of a bile duct bypass makes this
procedure difficult, but not impossible, to accomplish using
minimally invasive techniques. Since the absolute risk of
adverse events following gallbladder bypass is still rela-
tively small, some surgeons who can perform a gallbladder
bypass but not a bile duct bypass using laparoscopic surgery
may feel that the excess risk of a laparotomy outweighs any
shortcomings of a gallbladder bypass.

In conclusion, a gallbladder bypass is associated with a
substantially greater risk of subsequent biliary drainage proce-
dures than a bile duct bypass in patients with pancreatic cancer.
Surgeons must trade off any potential short-term benefits of a

gallbladder bypass, such as the ability to perform a laparo-
scopic operation, against the higher risk of subsequent inter-
ventions and the possibility of a small decrease in survival.
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APPENDIX

International Classification of Diseases, ninth Revision, Clinical Modi-
fication (ICD-9-CM) codes used in the analysis

International Classification of Diseases,
9th Revision, Clinical Modification
(ICD-9-CM) codes used in the analysis

ICD-9-CM
Code Procedure

Gall bladder bypass
51.32 Anastomosis of gallbladder to intestine
51.34 Anastomosis of gallbladder to stomach
51.35 Other gallbladder anastomosis

Bile duct bypass
51.36 Choledochoenterostomy
51.37 Anastomosis of hepatic duct to

gastrointestinal tract
51.39 Other bile duct anastomosis

Subsequent biliary drainage or bypass
operation

51.42 Common bile duct exploration for relief of
other obstruction

51.43 Insertion of choledochohepatic tube for
decompression

51.49 Incision of other bile ducts for relief of
obstruction

51.51 Exploration of common duct
51.59 Incision of other bile duct
51.94 Revision of anastomosis of biliary tract

Concomitant gastric bypass
44.39 Other gastroenterostomy

Pancreatic resection procedures
52.2 Local excision or destruction of pancreas

and pancreatic duct
52.21 Endoscopic excision or destruction of lesion

or tissue of pancreatic duct
52.22 Other excision or destruction of lesion or

tissue of pancreas or pancreatic duct
52.5 Partial pancreatectomy
52.51 Proximal pancreatectomy
52.52 Distal pancreatectomy
52.53 Radical subtotal pancreatectomy
52.59 Other partial pancreatectomy
52.6 Total pancreatectomy
52.7 Radical pancreaticoduodenectomy
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ICD-9-CM
Code Procedure

Endoscopic biliary drainage procedures
51.84 Endoscopic dilatation of ampulla and biliary

duct
51.85 Endoscopic sphincterotomy and

papillotomy
51.86 Endoscopic insertion of nasobiliary drainage

tube
51.87 Endoscopic insertion of stent (tube) into bile

duct
Percutaneous biliary drainage procedures

51.98 Other percutaneous procedures on biliary
tract (percutaneous biliary endoscopy via
existing T-tube or other tract for:
dilatation of biliary duct stricture,
exploration, and removal of stone(s)
except common duct stone);
Percutaneous transhepatic biliary
drainage

51.99 Insertion or replacement of biliary tract
prosthesis.
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